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Abstract

The effect on the capacities oa positive ard negative limiting
.sintere& plate Ni-Cd calls of varying the KOR/K2C• 3 ratio of an
electrolyte vich is aproximately 7N in total alkalinity is reported.
K2c03 contents of 24, 7l. end 238 g/3 vere investigated. Data we also

A -presented on the specific resistance of 7Vaouz KOR-KeO03 soolutions
over the i range of 860F. to -0 F. h w as no marked

7].±aiting cells vith electrolyte coutdaiing 211 or 75. g/1 of KO2
, there vas an appreciable adverse effect on the pe•o

of cells the cuaonte content iuas 8 /1 CO3, particularly
for the negative capacity Limiting cells. Frcm t.e results of theE capacity and specific resistance measurseonts, it is reccmended
that the mazlin allowable carbonate content for the electrolyte in
sintered plate NI-Od cells be set at 100 91 C2CO3 .
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Ta PEF rr OF CAGNMELWXMI~tLX ON MH
FVRMWCE OF 8TTM PLAfl NICKt-CADhM CLIZ

o ON

Sintered plate nickel-cadmium cells and batteries have been devel-
oped for use with military equipments primarily because of their excel-
lent high rate and lv tamperatare performance. Bawever, it is known
that the hig rate ard lV temperature performsace is adversely affected
as the carbonate content. of the initial 31U% M electrolyte increases.
This increase cbain use of the battery is due mainly to three factors:
(i) Absorption of 002 frat the air (2) Presen" of residuAl carbonate in
the positive and neative plates due to insufficient washing during their
preparaitionj, and (G raubal oxidation of organic sesparat-or mteti*fals to
carbonate. Opinions differ as to how high the carbon4e. content of the
e3ectrolyte may go before it ahould be changed. Vinal, states that samw
users place the limit at 0 gram pa. /liter, whereas others permit as
high as 90 ga. [sKew/liter. Casey 2,3 found that the negative sinter-
ed plate was more adv:rsely Effected than the positive p;ate by carbonate
co ion of the electrolyte aud that the negative plates shaved a

mii in perforace at 20-30 equivalent % of carbonate at 0 and -40OF
with a gradual. rise to a majxim at about 60 euivalent % followed by a
sharp dropoff above this concentration. In order to establish a maxinm
al.Iable Limit for military sintered plate Ni-Cd cells, an investigation
was initiated to study the effect of increases in the carbonate content
of the electrolyte on the capacity of these cells and on the specific re-
sistance of the electrolyte.

ERH AL PROED

Cell, Performance Characteristics

Each test cell consisted of three sintered plates which were assem-
bled in Bakelite C-1f containers and mechanically separated by grooved
supporta. Both positive capacity limiting and negative capacity limiting
cells were used in order to determine the effect of the various carbon-
ated electrolytes on each plate separately. The positive limiting cells
contained two negative plates and one positive plate and the negative
limiting cells contained two positive plates and one negative plate. All
plates were 3-5/16" high x 2-7/8" wide with the negative plates having a
thickness of .037" and the positive plates a thickness of .o04". A sin-
tend cadmium plate was used as a reference electrode in each cell so
that both positive and negative plate capacities could be determined.

Three electrolytes were used in this phase of the investigation.
They were prepared by mixing approximatel TN aqueous solutions of avail-
able reagent grade [OH and X200 0 The first solution, designated as
Electrolyte 1., was a solution of EMH with no deliberate addition of
[200 Electrolytes 2 and 3 had higher carbonate concentrations as a
r t of adding [200q3 to Electrolyte 1. The aots of [M and •2C03
in the three electrolytes were determined by titration with
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standad ^ to pbenolphthalein and screened metbyl orange and
points and were found to be as shown at the bottw ;f Tables I and
37. Xt ca• be seen that Electrolyte 1, which was intended to be
pure IM. actually had almost 24 g K2 C•O•l. Most of this carbonate
camefrom the KCO pellets uued to prepate the solution and some of
it from the distilled water used.

A t-ol of twlVe test COells were aSeabied, tVo positive capa-
city Ilaiting and two negative cpacity limiting for each of the
three electrolyte concentrationse All tvelve cells wee first filled
With Electrolyte I (3A 9/1 KMH + 23.8 c/1 K2003 ) to determine their
initial capacities at qproximately the "ive hour rate (0.5A) at 70"?.
After three of these cycles the electrolyt was changed in eight of
the cells to the other two concentrations under investigation and the
rest of the electrical tests were then carried out on all twelve cells.
All discharges were carried out at 0.5 A, except for one discharge at
7-5 A. This rate was chosen to represent a high rate discharge since
SUAL specifications require 15 Wimutes of service to a cutoff voltage
of 1.0 V/ cell when ti-Cd cells are discharged at three times the
rated capacity in aperes. In this case considering the average capa-
city of the cells to be 2.5 A. H. at the five hour rate this would be
3 x 2.5 or 7.5 A. All charges were conducted at 0.5 A. for eight
hours or a total input of 4 A.R. (160% of the average capacity of 2.5
A.R). Charges were also carried out at -40 0 F. and -65PF because it
had been found in the past that low temperature charging of Ni-Cd
cells sometimes improves their subsequent discharge performance at low
taeratures.

Resistivity 8m~t

Resistivity detenainations were conducted on five solutions
having a total alkalinity of approximately 7N and varying from al]st
pare EM to pure K200 . The exact concentrations of the five solu-
tions were again d by titration with standiard H2SOi to the
phenolphthalein and screened methyl orange end points. These concen-
trations are given in Figure 2. Solutions A and C are the same as
Electrolytes 1 ad 3 used in the cell performance studies. The mea-
suraments wert made at intervals of 10 (10o~C.) from 860P- (30C0.)
down to -400F. (.O 0 C.). In those cases where the solution froze
above -400F. the measurements were made to the selected temperature
closest to freezing.

A conductivity bridge, Rc1632, made by Industrial Instruments,
Inc., and a glass fill type conductivity cell with two platinized
electrodes a fi'ced distance apart were used for the measurements.
The ce.r constant K was determined using a standard solution of
N2S04 whose specific conductance L was known.
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K was obtained frcm the following forlula:

'where Kw-•m
K X Cell constant in cmI
L = Specific conductance of standard H2S04 in ohm'cm4"

Rm a Measured resistance in ohms

The specific resistemce or resistivity of the various solutions was
determined from the following formula:

'where
R = Specific resistance in ohm-cm

All low temperature measurements were made by cooling the solution
below the desired temperature with a dry ice in alcohol bath and
then allowing the solution to warm to the specified teaperature.

Cell Performance Characteristics
4

The results obtained on the electrical tests of the cells are
shown in Tables I and 3l and also in Figure 1. In Tables I and 3l
the results are given for both cells at each test condition in terms
of the actual capacity and in terms of the percentage of the initial
capacity obtained with each cell when it was discharged at 0.5 A. at
70•F.in Electrolyte 1. In Figure 1 the average values for the two
cells at each test condition are plotted as the percentage of the
initial capacity.

The results show that the negative limiting cells were more ad--
versely affected than the positive limiting cells as the carbonate
content of the electrolyte was increased. With the positive limiting
cells the highest carbonate content electrolyte gave significantly
poorer results than the other electrolytes only at -65"i. In the case
of the negative limiting cells poorer performance was Qbtained with
the highest carbonate eltatrolyte 8t the high discharge rate (7.5 A.)
at 70°?. and also at -40oF and -65"F. It is significant to note that
in all cells, both positive limiting and negative limiting, there was
no appreciable difference in performaace between cells containing
Electrolyte 1 (24 g/l KLC0) and those containing Electrolyte 2
(71 9Il X2 003). The only &oticeable affect of the low tesprature
charging is that the performance of the positive limiting cealls
appears to be lower when charged and discharged at -65"F. than when
charged at 70°F. and discharged at -65OF. The reason for this is
not known, rhis effect does not show up with the positive limting
cells at -40-F. nor with the negative limiting cells at either -6537.
or --ooo.
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.. The resuits of the resistivity measursentc are shown in Figure
2. The resistivities are plotted in ohm-es. agegnst tae)perature in

4 OP. oud 0 C. for the five solutions whose concentratioms are indicated
"in the figure. It can be seen that at any te*rature the resistivity
of Whe solution icraased as the carbonate content increased and for
a&U solutions the resistivity increased as the teperature decreased.,

ll• so lutios tested except that with the lowest carbonate ontwt
S(24 g,/i) fxae abaov 4-O4 . This indicates that to prevent freezing

of the electrolyte at -1o~.,0-F the carbonate content neat b~e leas thawt
127 g/l K2003

Prom the results of the cell performance tests it can be conclud-
ed that the maxim= allowable cart•ate content of the electrolyte
Iles between 71 and 238 9/1 K2CO3 . Purthezmre, if pe-rformance down
to • 4•O• is required, then the carboate content of the electrolyte
should be belvs 127 g/l KCCO in order to prevent freezing at -400F.
It is therefore recemended that the maximum allowable carbonate
content for the eleetrolyte in sintered plate Ni-Cd cells be set at

3 gwS
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